strates that cardiac decompensation can be avoided in MCD-deficient patients. Finally, by analogy with fatty acid oxidation disorders such as medium-chain acyl-CoA dehydrogenase deficiency (13 ), one may conclude that knowledge of the diagnosis will improve outcome because early intervention is then possible in catabolic episodes that otherwise may lead to metabolic derangement. It therefore seems reasonable to suppose that early diagnosis and treatment can reduce the morbidity and mortality associated with MCD deficiency and to include MCD deficiency in neonatal metabolic screening programs. In this study, the malonylcarnitine concentration in the neonatal screening test card was increased in only one of the two patients investigated, but this was a problem of stability after sample storage for several years.
IFCC Method for
Various societies for clinical chemistry have proposed recommendations for the measurement of the activity of lactate dehydrogenase (LDH; l-lactate:NAD ϩ oxidoreductase; EC 1.1.1.27) (1) (2) (3) (4) (5) . Depending on the pH of the buffer, the activity of LDH can be measured by the increase as well as the decrease in NADH. The optimum pH for the pyruvate-to-lactate conversion is 7.4 -7.8. The German (2 ) and French (5 ) Societies for Clinical Chemistry recommend this reaction. The IFCC (4 ) recommends the lactate-to-pyruvate conversion, for which the optimum pH is 8.8 -9.8.
In our laboratory, we have measured LDH according to the recommendations of the French society (SFBC) for years. This measurement was routinely performed with a Modular analyzer (Roche GmbH). When this SFBC method for LDH measurement needed to be replaced because our supplier stopped producing the necessary reagents, we decided to introduce the method based on the recommendations of the IFCC. Because we did not want to change our reference values (Ͻ450 U/L), we introduced a conversion factor to make the results obtained with the IFCC method directly comparable to the results obtained with the SFBC method.
When we compared both methods using patient samples for which LDH was requested, we found numerous outliers, which forced us to do some additional investigations. To determine which method was responsible for the outliers, we began measuring duplicates for LDH with both methods. For these measurements we used lithiumheparin-plasma samples collected in plastic tubes with plasma separator (product no. 367994; Becton Dickinson). All measurements took place in the primary tubes, i.e., LDH measurements were performed directly in the lithium-heparin plasma after plasma was separated from the blood cells by centrifugation (1800g for 5 min), but without pipetting the plasma to secondary tubes. In these experiments, we found a rather high frequency of duplicate errors for LDH measurements with the IFCC method (27 of 152; 17.8%), whereas we found no such excessive frequency of duplicate errors with the SFBC method (2 of 140; 1.4%; Fig. 1A ). Duplicate errors were defined as those differences that exceeded the 95% confidence limits for the difference between duplicates.
To estimate the 95% confidence interval for the difference between duplicates, it is important to know the standard deviation of the assay (SD a ) used. In our hands the CV for the LDH measurements according to the IFCC as well as the SFBC was Յ2%: for the IFCC method, control 1 gave a mean of 344 U/L with a CV of 1.3% (n ϭ 198), and control 2 gave a mean of 813 U/L with a CV of 1.1% (n ϭ 198); for the SFBC method, control 1 gave a mean of 343 U/L with a CV ϭ 1.8% (n ϭ 400), and control 2 gave a mean of 858 U/L with a CV of 2.0% (n ϭ 400). When the difference between duplicate measurements was considered, the variation of the resulting difference was: SD r ϭ SD a ϫ ͌2. Therefore, the 95% confidence interval for the differences between duplicates should be 0 Ϯ 2 ϫ SD r . Because SD a ϭ 0.01 ϫ CV (%) ϫ the mean of a duplicate, the SD r ϭ 0.01 ϫ 2 ϫ the mean of a duplicate ϫ ͌2 ϭ 0.028 ϫ the mean of a duplicate (6 ) .
Because the low centrifugation time and speed (5 min at 1800g) of our Modular system might be responsible for insufficient elimination of cells from the plasma, we first increased centrifugation time and speed to 8 min at 1800g. With these conditions, the frequency of duplicate errors was 21% (19 of 91). We then increased the speed and time by centrifuging off-line (MSE Mistral 3000i; Sanyo Gallenkamp) for 10 min at 2500g. The frequency of duplicate errors under these conditions was 18% (14 of 79). We therefore concluded that the high frequency of duplicate errors probably was not related to inappropriate sample preparation causing insufficient elimination of cells from the plasma.
To eliminate the possibility that the occurrence of this high frequency of duplicate errors was caused by interference from another test, we repeated the experiment in a "clean" Modular analyzer, i.e., the analyzer was rinsed extensively and duplicate measurements of LDH were performed without the concurrent measurement of other analytes. The frequency of duplicate errors was 28.7% (60 of 209; Fig. 1B ). To determine whether it was the analyzer or the method that caused the problem, we repeated the experiment with duplicate LDH measurements with a Hitachi 911 analyzer and a Hitachi 717 analyzer (Roche GmbH). Both analyzers showed the same problem. The frequency of duplicate errors was 34% (27 of 79) for the Hitachi 911 and 18% (5 of 27) for the Hitachi 717. To investigate whether it was the IFCC method for LDH or the type of sample that caused the duplicate errors, we performed duplicate measurements in primary tubes with serum (with serum separator; product no. 367955; Becton Dickinson) because serum is the preferred specimen according to the various recommendations. The frequency of duplicate errors with serum was low (3 of 114; 2.6%). In another experiment, we transferred the plasma sample to a secondary tube. Because such a transfer caused efficient mixing and therefore homogenized the sample, the frequency of duplicate errors was almost absent in this experiment (1 of 94; 1.1%).
As recommended by our analyzer supplier, we used plastic tubes for routine analysis in our modular analyzer. In an experiment with glass tubes with lithium-heparin and plasma separator (product no. 367793; Becton Dickinson), we found approximately the same high frequency of duplicate errors (29 of 148; 19.6%) compared with plastic tubes. Thus, the effect of tube material was excluded. In addition, we studied the effect of plasma separator and could not attribute any effects to the application of plasma separator: the frequency of duplicate errors was 19% (8 of 42) for heparin plasma with plasma separator and 35% (18 of 52) for heparin plasma without plasma separator.
According to the recommendations of the various societies, serum is considered the preferred specimen because plasma may be contaminated with platelets, which contain high concentrations of LDH (4 ) . During the preparation of serum, however, LDH release also may occur from platelets during clotting and from erythrocytes as a consequence of hemolysis. The advantages of heparin plasma, including (a) that it is available for analysis sooner than serum, which needs at least 30 min of clotting; (b) that hemolysis is less extensive in plasma than in serum; and (c) that the absence of clotting in plasma minimizes the release of LDH from platelets, makes plasma the preferred specimen for rapid routine analysis. Furthermore, the development of analyzers that include sample preparation units supports the use of heparin- Solid lines indicate the 95% confidence limits for differences between duplicates. plasma samples. In the past, we did not encounter duplicate problems with heparin-plasma samples when we used the SFBC-recommended LDH method, which again was demonstrated in a separate experiment in this study. Thus, there could be reasonable doubt whether the duplicate errors that occurred with the IFCC method were caused by contamination of the plasma with platelets or erythrocytes because then the SFBC method also would be expected to have a high frequency of duplicate errors. The fact that optimization of the centrifugation procedure did not significantly alter the frequency of duplicate errors supported this view. However, based on the differences in buffer composition (pH and NaCl content), one might also suppose that when contamination by platelets or erythrocytes occurs, their integrity may be better preserved under the conditions of the SFBC method than under the conditions of the IFCC method. In this case, the presence of cells might play a role in the high frequency of duplicate errors. Nevertheless, this high frequency of duplicate errors for the IFCC method from Roche for their modular analyzer is unacceptable for routine analysis and does not provide reliable results for LDH in heparinplasma samples.
